Abstract: Exposure to ultraviolet radiation from indoor tanning device use is associated with an increased risk of skin cancer, including risk of malignant melanoma, and is an urgent public health problem. By reducing indoor tanning, future cases of skin cancer could be prevented, along with the associated morbidity, mortality, and healthcare costs. On August 20, 2012, the CDC hosted a meeting to discuss the current body of evidence on strategies to reduce indoor tanning as well as research gaps. Using the Action Model to Achieve Healthy People 2020 Overarching Goals as a framework, the current paper provides highlights on the topics that were discussed, including (1) the state of the evidence on strategies to reduce indoor tanning; (2) the tools necessary to effectively assess, monitor, and evaluate the short-and long-term impact of interventions designed to reduce indoor tanning; and (3) strategies to align efforts at the national, state, and local levels through transdisciplinary collaboration and coordination across multiple sectors. Although many challenges and barriers exist, a coordinated, multilevel, transdisciplinary approach has the potential to reduce indoor tanning and prevent future cases of skin cancer. 
Introduction

E
xposure to ultraviolet (UV) radiation from indoor tanning device use (referred to as ''indoor tanning'' throughout this paper) is associated with an increased risk of skin cancer, including risk of malignant melanoma, a potentially deadly form of skin cancer. [1] [2] [3] More than 9000 people in the U.S. died from melanoma in 2009 alone. 4 Indoor tanning is potentially more harmful than excessive sun exposure because of the greater intensity of the UV radiation emitted, the greater amount of exposed skin, and the intermittent UV exposure to portions of the body not generally exposed to solar UV. 5 Despite the associated health risks, indoor tanning remains common, particularly among white adolescent and young adult women. [6] [7] [8] For example, recent estimates indicate that approximately 32% of U.S. white women aged 18-21 years have indoor-tanned in the past 12 months, with an average of 27.6 sessions per year. 6 Additionally, U.S. skin cancer rates continue to increase, leading to unnecessary morbidity, mortality, and healthcare costs. 9, 10 However, many cases of skin cancer are preventable, and reducing indoor tanning is an important public health goal through which future skin cancer cases can be averted.
On August 20, 2012 , the CDC hosted a meeting of nationally and internationally recognized experts attending the CDC National Cancer Conference to discuss the current body of evidence on strategies to reduce indoor tanning, as well as research gaps. (Meeting participants are listed in the acknowledgements.) Many of the participants have published extensively in the skin cancer prevention literature, and the group represented a variety of sectors and areas of expertise. This paper provides highlights from the discussions, with a focus on research gaps amenable to public health action.
Action Model to Achieve Healthy People 2020 Overarching Goals
A goal of the DHHS Healthy People 2020 is to reduce the number of new cancer cases, as well as the illness, disability, and death caused by cancer. 11 Within that goal, two objectives focus on reducing the proportion of adolescents in Grades 9-12, and adults aged Z18 years who report using artificial sources of UV light for tanning. 11 The Action Model to Achieve Healthy People 2020 Overarching Goals (Figure 1 ) can be used as a framework to address indoor tanning as a public health problem. Factors that influence tanning behaviors exist at multiple levels, from individual-level influences to broad contextual factors. 12 The model suggests that efforts to reduce indoor tanning may be most successful if they address determinants at multiple levels, an approach that requires transdisciplinary collaboration and coordination across many sectors at the national, state, and local levels. Strategies to reduce indoor tanning include individualfocused interventions, interventions that involve social and family networks, mass media campaigns, and systems and environmental changes. Ongoing assessment, monitoring, and evaluation are needed to track the implementation of strategies to reduce indoor tanning, measure the short-and long-term impact of these strategies, and determine which interventions are most effective, feasible, scalable, and sustainable. Through dissemination of evidence-based and best practices, these findings can inform future efforts to reduce indoor tanning.
The subsequent sections of this paper are organized within this framework, focusing on (1) strategies at multiple levels to reduce indoor tanning; (2) tools necessary to effectively assess, monitor, and evaluate the impact of intervention efforts; and (3) strategies to align efforts at the national, state, and local levels. Table 1 summarizes future research opportunities as they align with the Action Model to Achieve Healthy People 2020 Overarching Goals.
Strategies to Reduce Indoor Tanning
Individual-Level Strategies
Individual-level determinants provide key points of intervention to address tanning behavior. 13 For example, indoor tanning is strongly associated with a preference for tanned skin and engaging in other appearance-focused behaviors. [13] [14] [15] [16] These attitudes and behaviors likely are driven, in part, by social norms that place a high value on physical appearance, particularly for women. Some studies indicate messages focused on the appearance-related effects of indoor tanning (i.e., premature skin aging) may be most salient to indoor tanners and may even facilitate long-term behavior change. [17] [18] [19] [20] Targeted strategies that tailor prevention messages to specific types of tanners are likely to enhance the effectiveness of interventions. 21 For example, patterns of indoor tanning vary, with some people tanning only before special events (e.g., a high school prom); some tanning sporadically; and others tanning regularly yearround. Targeted strategies are needed to help tanners quit or reduce their level of indoor tanning. Different strategies also may be needed to prevent the initiation of indoor tanning. When used in the context of a comprehensive approach, strategies that are targeted and well tailored may be effective for reaching specific subpopulations. 22 Some have promoted the use of sunless tanning products as a way to get a tanned appearance without UV exposure. One concern about this method of tanning is that dihydroxyacetone (DHA), a commonly used ingredient in sunless tanning products, is approved for use by the U.S. Food and Drug Administration (FDA) only for external application (21 CFR 70) . 23, 24 When sunless tanning products are in lotion or cream form, consumers easily can avoid inhaling them or applying them to the eye area or mucous membranes, but adequate protection is less feasible when using spray-on tanning booths. 24 Further, evidence shows that DHA causes DNA damage in cultured keratinocytes. 25 Evidence is lacking regarding whether DHA would have the same effect on human skin.
Another concern is that promoting sunless tanning products does not address the underlying social factors that drive tanning behaviors. Sunless tanning products are often used in conjunction with, rather than in place of, UV tanning. [26] [27] [28] [29] [30] Further, use of sunless tanning products does not appear to lead to safer outdoor sun exposure and potentially could increase the likelihood of sunburn. 27, 31, 32 Some research indicates that indoor tanning may have reinforcing properties akin to those ascribed to Table 1 . Future research opportunities to inform efforts to reduce indoor tanning in the U.S.
Individual-level strategies
Continue to develop and evaluate tailored and targeted messaging strategies.
Evaluate the long-term impact that messages have on indoor tanning behaviors.
Test the efficacy of behavioral counseling among groups other than female undergraduate tanners.
The roles of parents, clinicians, and schools
Assess parents' perceptions of the risks associated with indoor tanning.
Assess parents' awareness of their children's use of indoor tanning devices.
Examine the prevalence of the practice of parents doing indoor tanning with their children.
Evaluate strategies for engaging parents in prevention efforts targeting children.
Identify ways to disseminate information about and tools for behavioral counseling to clinicians.
Monitor clinicians' behavioral counseling practices.
Develop and evaluate educational, systems, and environmental interventions in school settings.
Mass media campaigns
Develop and evaluate the efficacy of mass media campaigns.
Engage celebrities and other public figures in mass media campaign efforts.
Legislation
Track the development and implementation of new indoor tanning legislation.
Compare the effects of various types of indoor tanning legislation on behaviors.
Develop informational resources for decision makers.
Monitor public support for indoor tanning legislation.
Assessment, monitoring, and evaluation
Continue surveillance efforts at the national level to track indoor tanning device use.
Increase surveillance efforts at the state and local levels to track indoor tanning device use.
Collect data on the prevalence and use of unsupervised indoor tanning devices.
Monitor indoor tanning attitudes and beliefs among the U.S. population and among indoor tanners.
Monitor trends in outdoor tanning (i.e., sunbathing).
Conduct economic analyses to quantify the impact on morbidity, mortality, productivity, and health care costs.
Monitor trends within the indoor tanning industry over time (e.g., industry size and pricing).
Continue surveillance of melanoma incidence and mortality rates.
Collect data on basal and squamous cell carcinomas using electronic medical records.
Conduct modeling studies to estimate trends in the incidence of basal and squamous cell carcinomas.
addictive substances, such as the release of endorphins when the skin is exposed to UV radiation. 33, 34 Endorphins are a type of natural opioid involved in the brain's reward pathway. Their production during indoor tanning could create a future incentive to tan. 33 By adapting questionnaires used for substance-related addiction disorders, researchers have identified study participants who report regular, more frequent indoor tanning and tend to report more ''opiate-like reactions to tanning'' (i.e., relaxation, pain relief, stress relief, and a sense of well-being or euphoria). 35 Understanding the motivations of indoor tanners could inform future intervention efforts.
Roles of Parents, Peers, Clinicians, and Schools
As with other risky behaviors, indoor tanning often begins during the adolescent years. 36 The literature indicates that parental modeling of and permissive attitudes toward indoor tanning are among the strongest predictors of adolescent indoor tanning. 14, 15, 36 Further, research indicates that girls who initiate indoor tanning with their mothers tend to begin tanning at an earlier age and are more likely to become regular, habitual tanners than girls who initially tanned alone or with a friend. 37 Few studies have assessed parents' perceptions of the risks associated with indoor tanning or whether parents are indoor tanning with their children or are aware of their children's indoor tanning behaviors. The literature suggests low parental knowledge and awareness of the risks associated with indoor tanning and points to a need for parental education. 38 Intervention research has not yet provided clear guidance on how to most effectively leverage the influential role of parents. Findings from one study of a parent-teen intervention suggest that coaching parents to discuss indoor tanning with their children and emphasizing the importance of parental monitoring of teen indoor tanning is a promising approach. 39 Perceived social norms regarding indoor tanning within one's own peer group also are correlated with indoor tanning. [14] [15] [16] 36 Social norms encouraging indoor tanning likely stem, in part, from the belief that tanned skin is more attractive than untanned skin. Additionally, individuals erroneously may believe that indoor tanning is safe because the devices used for tanning are regulated by the FDA and are often advertised as being safe or healthy to use. Additional research to understand beliefs about indoor tanning, particularly among those most likely to tan, is needed.
Clinicians also can play a role in reducing indoor tanning. 19, 40 The U.S. Preventive Services Task Force (USPSTF) currently recommends behavioral counseling in clinical settings for children, adolescents, and young adults aged 10-24 years who have fair skin about minimizing their UV exposure to reduce the risk for skin cancer. 19, 41 Only three of the studies identified by the USPSTF review included indoor tanning as an outcome, and all three were conducted among female undergraduate indoor tanners. 17, 42, 43 Results from these three studies indicated that behavioral interventions, particularly appearance-focused interventions, reduced indoor tanning among this subpopulation. Evidence on the efficacy of behavioral counseling for other age groups and men/boys is limited. Efforts are needed to identify ways to disseminate this type of information to clinicians and provide them with effective, user-friendly tools to use with their patients. Prior research indicates that clinicians' attitudes and beliefs about the safety of indoor tanning vary depending on demographic characteristics and specialty, so monitoring clinician attitudes, beliefs, and practices (i.e., patient counseling) is also important. 44 Schools traditionally play an important role in public health efforts targeting youth. A recent update to the Community Preventive Services Task Force (Task Force) review of primary and middle school interventions to prevent skin cancer found strong evidence of their effectiveness in increasing sun-protective behaviors and decreasing UV exposure, sunburn incidence, and formation of new moles. 45 Although none of the interventions specifically focused on indoor tanning, these findings suggest that elementary and middle school settings may provide opportunities to introduce children to the importance of protecting skin from UV radiation. A similar review is underway to assess the effectiveness of interventions in secondary schools and colleges. 46 Schools, colleges, and universities also may be venues where the promotion of indoor tanning could be limited. For example, schools and school-based organizations could pledge to decline advertising or sponsorship from tanning salons 47 or the presence of tanning devices on school property. A formal evaluation of these strategies has not been published.
Mass Media Campaigns
Mass media campaigns are strongly recommended (in conjunction with other interventions) by the Task Force as a strategy for reducing tobacco use among adolescents. 48 Similarly, mass media may increase awareness of the harmful effects of indoor tanning, change social norms over time, and possibly prime people for other intervention efforts. However, a recently updated literature review by the Task Force found insufficient evidence to determine the effectiveness of mass media interventions alone to reduce individuals' exposure to UV radiation. 49 Mass media campaigns in other countries have seen varied success and rarely have been evaluated formally.
A particularly successful overall sun-safety campaign in Denmark included an initiative targeting indoor tanners aged 12-25 years and encouraged them to ''turn off the sunbed.'' Provocative campaign videos have ''gone viral,'' and surveillance efforts indicate a decrease in the presence of indoor tanning devices in public buildings and a decrease in use since the campaign started. 50 This success is attributed to a comprehensive social marketing approach and the extensive effort put into social media and youth-oriented communication. 51 Popular media can influence social norms, either by promoting tanning and a tanned appearance or by denormalizing indoor tanning and encouraging people to embrace their untanned skin. Having a tan first became fashionable in the U.S. in the late 1920s. 52 Magazine articles and advertisements promoting tanning as a way to enhance one's appearance became increasingly common.
Similar promotion of tanning still occurs today. For example, the reality TV show Jersey Shore is credited with making the phrase ''GTL TM '' or ''gym, tan, laundry TM '' popular. 53 Alternatively, recent news coverage of a New Jersey mother who was accused of allowing her daughter, aged 5 years, to indoor tan portrayed the behavior in a negative light. 54, 55 In addition, Cosmopolitan magazine has covered the dangers of indoor tanning as part of an ongoing ''Practice Safe Sun'' campaign, 56 and a number of celebrities have spoken out about the dangers of indoor tanning. 57, 58 The impact of this media activity has not been evaluated.
Storytelling is another strategy that can make evidence-based health messages more meaningful and salient to the target audience. One example is the story of Clare Oliver, an Australian who was diagnosed with melanoma and died at age 26 years. 59 She believed her melanoma partially was caused by indoor tanning and publicly shared her story in an effort to raise awareness about the dangers of indoor tanning. Clare's story gained media attention and likely increased awareness of the link between indoor tanning and skin cancer risk and the potential deadliness of melanoma. [60] [61] [62] The media attention ''encouraged public outrage'' at the cause of Claire Oliver's death and became a catalyst for new legislation and a decrease in the number of tanning salons in Australia's provincial cities.
60-62
The Role of Legislation
In Australia, evidence suggests that new legislation implemented in tandem with public education campaigns during 2006-2009 played an important role in decreasing the number of tanning salons. 61 In the U.S., most related research has focused on levels of compliance and enforcement and has not provided clear evidence as to which legislative and regulatory strategies are most effective. 13 Further, U.S. studies have indicated that compliance and enforcement are low. 13 Future legislative decisions must take these challenges into consideration and identify strategies to facilitate compliance and enforcement. Studies examining public support for and the effects of legislation and regulatory strategies could help to inform such decisions. Complete, accurate, and unbiased informational resources about indoor tanning and the effectiveness of legislation and regulatory strategies are needed to inform decision makers.
Unsupervised indoor tanning devices present a challenge to enforcement of interventions, especially laws that prohibit tanning for minors. Future strategies need to consider the implications that unsupervised use could have on the effectiveness of efforts to regulate indoor tanning. Data on the prevalence and use of unsupervised indoor tanning devices are lacking. Two projects are being conducted through federally funded Prevention Research Centers (www.cdc.gov/prc/) to examine indoor tanning among young adults, including the presence and use of unsupervised tanning devices. 63 The study also found that cities with higher percentages of whites had significantly higher facility densities than those with lower percentages of whites 64 and that living within 2 miles of an indoor tanning facility is a significant predictor of indoor tanning among adolescents. 65 More information on the industry, including its size, revenue, ownership, distribution of products, and marketing and pricing strategies, as well as the percentage of the market that is represented by minors' tanning device use could inform future systems and environmental change decisions.
The Role of the Industry
Marketing tactics being used by the indoor tanning industry are also of concern. A recent report released by the U.S. House of Representatives Committee on Energy and Commerce described false and misleading practices used to target particularly vulnerable potential customers. 66 Others have highlighted similarities between advertising strategies used by the tobacco and indoor tanning industries, including ''mitigating health concerns, appealing to a sense of social acceptance, emphasizing the psychotropic effects, and targeting specific population segments. '' 67 In 2010, the U.S. Federal Trade Commission approved a Final Settlement Order of a complaint against the Indoor Tanning Association, the primary trade organization for the tanning industry, requiring that the Association cease its practice of exaggerating benefits and denying the risks of indoor tanning. 68 Consumer fraud cases, based on deceptive claims and unfair sales practices, could be brought to bear against the industry. One such case was filed in 2010 by the Attorney General of Texas. 69 The industry often touts the health benefits of indoor tanning because exposure to UVB radiation from the sun or a tanning device can lead to vitamin D production within the body. 70 Vitamin D plays an important role in bone health, but research on other potential health benefits is inconclusive. 71, 72 Further, the amount of vitamin D produced during indoor tanning varies, depending on individual characteristics (e.g., skin type) and characteristics of the tanning device (e.g., the ratio of UVA to UVB radiation emitted). 70, 73 Adequate vitamin D can be obtained safely through food and dietary supplements without the risks associated with excessive UV exposure.
70,71
Lessons Learned from Tobacco
Applying ''lessons learned'' from the public health successes in addressing tobacco use may facilitate efforts to reduce indoor tanning. One lesson is the impact legislation can have on social norms. 74 Legislation may influence people's beliefs about the health risks associated with the behavior. A second lesson is the influence of mass media campaigns and popular media on social norms, especially as part of a comprehensive approach that includes other intervention strategies. 74, 75 A third lesson is the role of understanding the industry, which may facilitate efforts to inform consumers of potential health risks associated with product use and help decision makers predict the effects of systems and environmental changes on the economy, the industry, and product users. 75, 76 Differences between tobacco use and indoor tanning create some challenges to using the same approaches. For example, cigarette use often results in secondhand smoke exposure among nonsmokers, whereas indoor tanning exposes only the user to UV radiation. Also, studies have demonstrated that taxation is effective in reducing tobacco use. 77 However, although a 10% excise tax on indoor tanning services went into effect on July 1, 2010, based on provisions outlined in the federal Affordable Care Act, 78 early evidence suggests that the tax may have limited impact on indoor tanning behaviors. 79 This may be due to promotional pricing offered by tanning salons to promote frequent indoor tanning. 80 In addition, some venues (e.g., fitness centers and apartment complexes) may include indoor tanning as one of multiple amenities in a larger package, which would not be subject to the tax.
Assessment, Monitoring, and Evaluation
Ongoing efforts are needed to track the development and implementation of and public support for new interventions. In addition, efforts are needed to evaluate the short-and long-term effects of new interventions and determine which strategies are most effective, feasible, scalable, and sustainable. Standardized tools and methods would facilitate consistently monitoring the development and implementation of new legislation and regulations at the local, state, and national level. Some tools for monitoring tanning behaviors at the national level are already in place (e.g., Youth Risk Behavior Survey 81 and National Health Interview Survey
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). Additional surveillance efforts at the state and local levels could facilitate evaluation of new legislation and regulations as they go into effect.
Monitoring trends in the use of unsupervised tanning devices and intentional outdoor tanning is also important, as efforts to reduce indoor tanning could unintentionally lead to an increase in these behaviors. In addition to monitoring behaviors, monitoring beliefs and social norms about indoor tanning will inform message development. Surveys already in use such as the National Health Interview Survey, 82 Health Information National Trends Survey, 83 and HealthStyles 84 could be used. DocStyles 23 and other existing surveys targeting clinicians could be used to monitor clinician counseling practices.
Economic analyses that could quantify the impact of efforts to reduce indoor tanning (e.g., the lost productivity attributable to indoor tanning and the impact of the 10% excise tax) also are needed. Researchers have used economic analyses to estimate the number of potential skin cancers prevented through indoor tanning regulations in Australia and the associated cost savings to the Australian government. 85 The American Academy of Dermatology has commissioned a U.S. study to estimate the healthcare costs faced by private health insurance companies attributable to indoor tanning. Researchers anticipate that a reduction in indoor tanning would result in cost savings to private insurance companies.
Monitoring the incidence of skin cancers and ocular melanoma continues to be important. The CDC National Program of Cancer Registries (NPCR: www.cdc.gov/ cancer/npcr/) and the National Cancer Institute Surveillance, Epidemiology, and End Results program (SEER: seer.cancer.gov/) collect nationwide data on melanoma. Through a collaborative effort with the North American Association of Central Cancer Registries, state central cancer registries (CCR), Integrating the Healthcare Enterprise, and other organizations, the CDC developed the Implementation Guide for Healthcare Provider Reporting to the CCR to facilitate the implementation of standardized data transmissions from a healthcare provider's electronic health records (EHR) to the central cancer registry. 23 Modeling studies also can be used to estimate the percentage of melanoma cases attributable to indoor tanning 1 and the potential increases in skin cancer rates if indoor tanning use continues at the current levels. NPCR and SEER do not collect data on common nonmelanoma skin cancers (NMSC), such as basal and squamous cell carcinomas, 4, 86 but EHRs are one potential tool for gathering such data. Previously, healthcare claims data and the National Ambulatory Medical Care Service database have been combined to estimate the number of new NMSC diagnoses and affected individuals in the U.S. population. 87 Aligning Efforts at the National, State, and Local Levels
In recent years, public health researchers [88] [89] [90] have called for transdisciplinary, multilevel efforts to address determinants of health from the molecular level to the societal level. The literature from a variety of fields suggests that multilevel, ecologic interventions are useful in addressing health-related behaviors. 91, 92 Similar approaches are needed to reduce indoor tanning. A practical challenge to this approach is trying to align efforts across the national, state, and local levels and across multiple disciplines and sectors to maximize synergy and the return on public health investments.
Some efforts to coordinate skin cancer prevention efforts are already in place. For example, the National Council on Skin Cancer Prevention (NCSCP) is a nonprofit organization with the mission of serving as a ''united voice to reduce skin cancer incidence, morbidity, and mortality through awareness, prevention, early detection, research, and advocacy'' (www.skincancerpre vention.org/). The NCSCP has played a unique role in connecting more than 45 organizations, agencies, and associations and facilitating information-and resourcesharing. Many of the meeting participants are members of the NCSCP in various capacities and regularly attend the organization's meetings.
Convening interested parties to share best practices and lessons learned on issues may be useful in maximizing the impact of ongoing efforts. Such meetings could be conducted via webinars to increase frequency while minimizing costs and would provide partners the opportunity to provide updates on relevant activities within their respective organizations. The meetings also would facilitate collaboration around research proposals and priorities, faster dissemination of research findings, and a more coordinated approach.
This approach will require partnership with many stakeholders, both traditional and less traditional (e.g., youth organizations, parent-teacher associations, schools, colleges, universities, student organizations, comprehensive cancer control programs, other public health organizations and programs, clinicians, pharmaceutical companies, health insurance companies, employers, professional groups, celebrities, and popular magazines). Many of these groups have well-established networks across the U.S. that could provide strategic channels for communication and public health action. State and local health departments may find it helpful to engage some of these potential partners as they consider new opportunities to address indoor tanning in their communities. The public health sector has the unique role and ability to convene diverse groups around health issues such as indoor tanning.
Conclusion
Future cases of skin cancer could be prevented by reducing indoor tanning device use. This paper highlights the need for a comprehensive, multilevel approach. Given how widespread indoor tanning is within the U.S., targeted and tailored interventions likely will be most effective if done within the context of comprehensive skin cancer prevention efforts that promote sun protection and sunburn avoidance when outdoors, in addition to addressing contextual factors that promote tanning. 93 Intervention efforts should address determinants of tanning behavior at all levels of influence from individual characteristics, to the roles of parents, clinicians, and schools, to contextual factors, including systems and environmental changes, the media, social norms, and the indoor tanning industry.
Addressing these many factors will require transdisciplinary collaboration and coordination across multiple levels. Key partners will need to work with each other and with new, less-traditional partners to align efforts to reduce indoor tanning at the national, state, and local levels. Such an approach has the potential to shift social norms and prevent future cases of skin cancer. The opinions in the paper and those discussed at the meeting do not necessarily represent those of meeting attendees.
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